Background and Purpose Despite the frequent use of clinical rating scales in multicenter therapeutic stroke trials, no generally acceptable method exists to train and certify investigators to use the instrument consistently. We desired to train investigators to use the National Institutes of Health Stroke Scale in a study of acute stroke therapy so that all examiners rated patients comparably.
Background and Purpose Despite the frequent use of clinical rating scales in multicenter therapeutic stroke trials, no generally acceptable method exists to train and certify investigators to use the instrument consistently. We desired to train investigators to use the National Institutes of Health Stroke Scale in a study of acute stroke therapy so that all examiners rated patients comparably.
Methods We devised a two-camera videotape method that optimizes the visual presentation of examination findings. We then measured the effectiveness of the training by asking each investigator to evaluate a set of 11 patients, also on videotape. We tabulated the evaluations, devised a scoring system, and calculated measures of interobserver agreement among the participants in this study.
Results We trained and certified 162 investigators. We found moderate to excellent agreement on most Stroke Scale C linical trials of therapy for neurological disorders require a valid, efficient, and reliable measure of patient status and outcome after treatment.
1 -2 To quantify patient status, a neurological deficit scale, based on a scale originally devised at the University of Cincinnati Stroke Center, 3 ' 4 was developed by researchers at the National Institute of Neurologic Disorders and Stroke (NINDS) for use in clinical stroke trials. The modified National Institutes of Health Stroke Scale (NIHSS) is reproducible among neurologists, emergency medicine physicians, house officers, and stroke research nurses in a single medical center and is valid for predicting lesion size on brain computed tomography. 3 " 5 The scale was used in two pilot studies of tissue-type plasminogen activator (TPA) for acute stroke but not in larger studies using multiple sites. 6 " 8 To pursue the encouraging findings of the TPA pilot studies, we designed a multicenter, placebo-controlled, double-blind study. 6 -7 -9 - 11 To minimize variation among investigators using the scale at multiple study sites, we attempted to standardize the use of the scale and to measure its reproducibility throughout the trial. To
Received April 11, 1994 ; final revision received June 6, 1994;  accepted August 2, 1994 . items (unweighted K>0.60). TWO items, facial paresis and ataxia, exhibited poor agreement (unweighted K<0.40) and should be revised in future editions of the scale. Performance improved with video training compared with previous studies. Inclusion of the motor rating of the unaffected limbs in the total score did not affect reliability.
Conclusions Video training and certification is a practical and effective method to standardize the use of examination scales. Two cameras must be used during the taping of patients to accurately present the clinical findings. This method is easily adapted to any study in which a large number of investigators will be enrolling patients at multiple clinical centers. (Stroke. 1994^5:2220-2226.)
Key Words • clinical trials • observer variation • stroke assessment accomplish this goal, we developed a videotaping method that accurately presented neurological findings of live patients. In this report, we briefly outline the video method we developed and discuss the reproducibility among investigators who were trained to use the NIHSS from videotapes.
Methods
The NINDS Phase lib, Randomized, Placebo-Controlled Study of TPA for Acute Stroke is a multicenter trial to test the safety and efficacy of thrombolysis in patients who present acutely (within 180 minutes of symptom onset) with nonhemorrhagic stroke in seven cities. Before treatment and at several later times, each patient is rated according to the NLHSS (see Table 1 ). In the previous version of the scale, motor ratings (items 5 and 6 in Table 1 ) were given to the "affected" limbs only, and the "unaffected" side was not included in the total score. 3 -4 In this study, motor ratings were given to both the left and right sides, ignoring the "affected" designation, to facilitate standardization and the scoring of patients with bilateral weakness. A new set of instructions was written and printed on the face of the stroke scale form so that the examiner always has them available for reference.
Standardization among raters was considered essential in this protocol because, to maintain double blinding, different raters are required to perform the baseline and later assessments. We considered several approaches to standardizing the use of the scale: a centralized training session for all investigators, individual training at each of the centers by a team of traveling instructors, and video training. We selected the video method because it was simple, was convenient for the participants, and was the least expensive option. Also, the videotape method allows new investigators to be added later during the trial. We produced three videotapes. The first tape was a 45-minute training program (training tape), and the second and third tapes were for certification (certification tapes 1 and 2). We placed 5 patients on certification tape 1 and 6 patients on certification tape 2 and used four different examiners for the 11 patients.
The training and certification tapes were produced at Henry Ford Hospital and Health Sciences Center, using patients from the Clinical Stroke Service after their informed consent was obtained for videography. The training tape required 3 days of filming with a single camera and 4 days to assemble the shots in proper order, apply graphic overlays, and add a narration. We found it very difficult to accurately portray the patient's neurological findings while also illustrating the proper technique for the examiner. Therefore, we devised a method using two cameras for the certification tapes, as diagrammed in Fig 1. Two cameras allowed us to simultaneously record a close-up of the patient response and a wider shot that illustrated the proper examination technique. This method also significantly reduced patient discomfort by reducing the time required to finish taping.
The trial investigators viewed the training tape and within 2 or 3 days viewed and scored the 5 patients from certification tape 1. Six months later, each investigator again reviewed the training tape and then scored certification tape 2. Each certification tape contained a brief introduction, intended to standardize the manner in which the investigators viewed the patients. The introduction encouraged the viewer to stop the tape, rewind, and review the findings as often as necessary to score each patient, to overcome the artificial nature of videotape.
After all investigators completed scoring of the 5 patients on certification tape 1, we prepared a frequency diagram of the responses. For each scale item we arbitrarily defined an "outlier" as a response that was given by less than 12% of all those taking the test tape. We next tabulated the number of outliers for each investigator, and those investigators with fewer than 5 outliers (1 per patient) were certified to begin entering patients into the study. Six months later the process was repeated with the results of certification tape 2, but because there were 6 patients on the tape, we allowed up to 6 outliers. Examiners with 6 to 9 outliers for tape 1 or 7 to 10 for tape 2 were still certified to administer the scale but were asked to retake the certification tape. Those with 10 or more outliers for tape 1 or 11 or more for tape 2 were not certified and were asked to review the training tape before entering patients into the trial.
To measure the effectiveness of the training process, we summarized the agreement among raters using K statistics for the case of multiple raters who examine a few subjects.
12
- 13 We used the unweighted K score to allow comparison with prior studies, 4 but this method ignores close disagreements and gives weight only to perfect agreement among raters. The unweighted K is qualified as follows: K<0.40 defines poor concordance, K between 0.40 and 0.75 defines moderate concordance, and K>0.75 defines excellent concordance. 13 Although the NIHSS is not a numerical scale but rather a collection of ordinal ratings, it is not strictly valid to compute a total by addition of the subitem scores. To study the effect of including the rating of the unaffected limbs, however, we computed total scores with and without the unaffected limbs.
Results
We received certification responses from 162 viewers of tape 1 and 64 viewers of tape 2. Fewer raters completed tape 2 because several investigators left the study after initial certification, and by the time of this report many of the new investigators had not reached the 6-month time for viewing the second tape. One hundred thirty-seven raters (85%) scored fewer than 5 outliers on the first viewing of tape 1, and 146 raters (91%) were certified after a second attempt. Sixty-three of 64 raters (98%) successfully passed tape 2 in one CAMERA ONE (medium snot) attempt (/ > =.003, * 2 , compared with tape 1). The group that took the second tape was comparable to the larger group that took tape 1, in that only 57 of 64 (89%) of this group passed tape 1 on the first viewing.
The measures of concordance are presented in Table  2 for both tapes. The expected and observed rates of agreement are shown for each item, as well as the computed K and its confidence interval. In some cases, the rate of expected agreement (agreement due to chance alone) is very high, because the tapes contained a limited number of patients; no abnormal findings were demonstrated on some items. In this situation, the observed rate of agreement cannot be much greater than chance, and the K will be low. For these items, the observed rate of agreement may be a more meaningful measure of concordance than the K. The K statistics are based on each rater's first attempt at each certification tape (this affects only tape 1, however, since no raters attempted tape 2 more than once), K'S were also calculated by use of the last attempt for each rater. The resulting K'S were slightly higher for some items and slightly lower for others. The proportion of poor, moderate, and excellent K estimates did not change when the last attempt was used rather than the first.
The total numbers of items exhibiting poor, moderate, or excellent agreement are summarized in Table 3 . Overall, 6 items (23%) exhibited a K<0.40, but there was a difference between the two tapes. On tape 1, 5 items showed poor concordance, compared with only 1 item for tape 2. On tape 1, item 2 (gaze) and item 1C (commands) gave low coefficients that reflect an unusually high rate of expected agreement, and this situation was corrected in tape 2 by selecting a broader range of patient findings. Two other poor items on tape 1, item 7 (ataxia) and item 9 (language), also improved on the second tape, presumably due to greater experience among the investigators. Item 4 (facial palsy) remained poor on tape 2. The qualitative distribution of K statistics is nearly the same for the 64 raters completing both tapes, being 27%, 40%, and 33%, in the poor, moderate, and excellent categories, respectively, for tape 1.
To study the effect of modifying the motor rating question (items 5 and 6), we asked one of the neurologists present at the taping sessions to review all 11 patients and classify the right or left side as the "affected side" as defined in the prior version of the NIHSS.
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The right side was affected in 5 patients, the left side in 5 patients, and in 1 patient with a brain stem lesion, both sides were affected. For computation purposes, the patient with a brain stem lesion was classified as "right side affected" because this was the side of greater deficit. 34 We recomputed the measures of agreement for the affected arm and leg, and the results are presented in Table 4 . The coefficients of agreement are higher with the brain stem lesion score included. Including the unaffected limbs in the total score had no effect on the group medians but increased the group mean total score about 1.5 points (Table 5 and Fig 2) . This effect was more pronounced in patients with higher total scores, but a linear regression analysis shows that the total scores including the unaffected limbs were very highly correlated with the total scores after the unaffected limbs were excluded (r=.99, P<.00001, Fig 2) . Designation of the right or left hemisphere as affected had no effect on the reliability of any NIHSS item (data not shown). The unaffected limb raised the total score more for patients with left than right brain lesions (Table 5 ).
Discussion
Our results indicate that the videotape method is an effective tool to train neurologists and emergency medicine physicians to use a brief, standardized examination and then to "certify" the investigators before beginning a clinical trial. As illustrated in Fig 1, the use of two cameras greatly simplifies the production, because two views of the patient and examiner are obtained simultaneously. This minimizes discomfort for the patient Cl indicates confidence interval. This table presents the 15 items of the NIHSS and the agreement among all raters after they evaluated 11 patients. The expected agreement is the agreement that could occur due to chance alone, and the observed agreement is the crude rate of agreement among all observers. The unweighted K was calculated from these two numbers. 13 The left and right arms are both rated on the scale under item 5, and both legs are rated under item 6, while level of consciousness (item 1) has three subitems. Therefore, although the scale contains 11 numbered questions, there are 15 responses for each patient. The total score is the arithmetic sum of all 15 responses, excluding any untestable responses.
and physician and allows simultaneous presentation of the proper examiner technique and the important clinical observations. During the trial, new investigators were added easily to the cadre of certified examiners by use of the training and certification videotapes. The certification process allowed the study planners to measure the reproducibility of the scale among the participating investigators easily and simply. Repeat certification throughout the trial indicated that the participants continued to use the scale in a uniform manner (Tables  2 and 3 ).
The proportion of viewers who "passed" tape 2 was higher than for tape 1, and this difference was statistically significant. Of the group of 64 who watched both tapes, 63 (98%) passed tape 2 and 57 (89%) passed tape 1 on the first attempt (/'=.003, x 2 )-This observed increase in the "pass rate" may reflect an improvement in the videography in tape 2 or may suggest learning by the investigators over the course of the trial. We favor the latter explanation because the two tapes were produced by the same crew, using identical facilities, albeit with different patients. By the time they took tape 2, most investigators had entered many patients into the trial and had used the scale frequently. In any event, 6 months after initial training we did not identify any decay in reliability of the scale.
Our data further indicate that the NIHSS is a reliable instrument when used in several study centers. We Using the definitions presented in the "Methods," we tabulated the number of items that exhibited poor, moderate, and excellent rates of agreement. Agreement on tape 2 was improved, suggesting a learning effect during the trial. Compared with ratings of live patients, the present version of the scale exhibited superior rates of agreement. 4 found that multiple examiners, located in seven cities, generally agree on the neurological findings in sample patients, even after the examination was filtered through the videotape process. Despite the limitation of the videotape medium and the inability to examine the patient directly, our results are consistent with previous studies of live patients during which several examiners rated patients simultaneously or in rapid sequence.
3414
These previous studies were conducted in single medical centers with highly trained and motivated individuals, and our results extend previous findings to include novice investigators in geographically distant study sites. Results from the examination were equally reliable whether the infarct involved the right or left hemisphere, an issue that has not previously been addressed. Robust items in the NIHSS include motor function, visual fields, sensory function, and level of consciousness (Table 3) . In other studies these items seem to be highly reproducible and determinative of the overall rating. 2 -1516 As in prior studies, some test items are more reliable than others, although K coefficients were generally higher in the present study. 417 The multichoice ratings of ataxia, language, and facial paresis, for example, continue to be highly variable (Table 2) . During the videotaping process, great care was taken with lighting angles and camera position, under the direction of an experienced neurologist, to show the findings clearly. The examinations were done by seasoned clinicians, and several "takes" were done until the findings were satisfactorily demonstrated. Nevertheless, the viewers of the tape did not generally agree with each other. Others have found similar difficulties in establishing whether experienced clinicians can rate gaze and ataxia reliably, using live patients for testing.
-
17 A possible explanation for the low agreement on these three items is that despite the great care taken to videotape the subjects properly, the video image is too coarse to replicate the clinical setting. Another, more likely explanation is that the scale allows too many choices and that mild, moderate, and severe facial weakness or ataxia cannot be distinguished reliably. 417 It may be necessary to modify the scale, either by dropping these items completely or by collapsing the choices into fewer responses such as normal or abnormal.
On some of the scale items we found that although the K coefficient was low, the rate of observed agreement was extremely high (see item 3 on tape 1). This discrepancy can occur when the available sample subjects do not span the range of all possible findings. On certification tape 1, the expected agreement for item 3 was nearly 100% because no patient suffered any deficit of the visual fields. The extremely high observed agreement, when corrected for a very high expected agreement, resulted in a very low K. Investigators who choose to use video certification should take care to select thenpatients so that all possible choices on all scale items are well represented. Further, our experience illustrates Cl indicates confidence interval. Of the 11 patients rated in this study, one had a brain stem lesion with bilateral weakness. According to the previous version of the scale, this patient would have been classified as a right hemiparesis, because the right arm and leg were more impaired than the left-side limbs. Using the modifications we introduced in this study, each side is Independently rated. To assess the impact of including the "unaffected" limbs In the scale, we computed K coefficients with and without this patient, comparing the right/left classification with the ratings of the affected limbs. The rates of agreement are all excellent, with the exception of the affected arm calculated without the patient with a brain stem lesion. Compared with the right and left limbs (Table 3) , the coefficients for the affected limbs are slightly higher, but not significantly so. The inclusion of the motor rating of the unaffected (contralateral) limbs may influence the total NIHSS score depending on the severity and the side of the stroke. The overall scores for each of the certification tapes show that, on average, the inclusion of the unaffected limbs does increase the total score by a point, but the median score for all the patients on each tape is not changed. No SO is shown, because there are small numbers of patients studied repetitively. Below the overall scores, the Individual patient scores are listed, and the side of the brain lesion Is Indicated. The inclusion of the unaffected limbs Increases the total score in the more severely Impaired patients (higher total scores). We combined the patients on the basis of the side of the lesion and computed median scores, as shown in B. There is no discernible difference between the patients with right and left brain lesions.
that K coefficients, or any derived measure of agreement, must be interpreted with reference to the crude rate of interobserver agreement. 13 We modified the NIHSS in this study to include the unaffected limbs, which might introduce an artifact. Indeed, our data show that patients with more severe deficits tend to have higher total scores when the unaffected limbs are included in the total score and that this effect is more pronounced in patients with left brain lesions (Fig 2 and Table 5 ). However, the correlation between total scores including or excluding the unaffected limbs is very high, suggesting that this problem is unlikely to affect the results of a trial in a meaningful way. In a randomized trial the bias in scoring should be similar between treatment groups as long as the distributions of stroke size and location are similar. Additionally, by scoring both limbs, the potential for variability introduced by requiring the identification of the affected side is reduced. If change scores are used, however, greater care is necessary. In the previous TPA pilot studies, clinical efficacy was defined as a decrease in total NIHSS score of 4 points at 24 hours compared with baseline. 6 " 8 The inclusion of the unaffected limbs will increase the total scores and confound the interpretation of a 4-point-difference score. Therefore, if the version of the scale presented here is to be used in future trials, an adjustment of the change score used to identify clinical efficacy will be needed.
Several interesting questions remain unanswered by this study. Insufficient numbers of raters prevented us from comparing neurologists with other physicians and with nurses, but in previous studies there did not appear to be any differences among classes of raters. 34 This point should be addressed in further detail, however. Also, the improvement in K scores between tapes 1 and 2 may be due to learning effect or to an artifact in patient selection. A future study should examine the effect of repeated certifications on examiner reliability. Finally, the effect of cerebral lateralization should be studied in a larger patient cohort. This small study suggests that left cerebral infarction may introduce more ambiguity into the ratings. We cannot address the mechanism of this effect, but it may indicate that aphasia confounds the application of a standardized rating scale, as has been observed with other stroke scales. 18 In conclusion, this study demonstrates the utility of video training and certification in the conduct of clinical trials. A standardized form of the neurological examination may be used as an assessment variable in thera- To clarify the effect of modifying the total NIHSS scores to include the unaffected limbs, we computed the total scores with these motor items included (vertical axis) and excluded (horizontal axis). The inclusion of the unaffected limbs appeared to have little effect on minimally impaired patients but raised the scores of more severely impaired patients. This is to be expected, particularly in patients with disorders of attention or comprehension. However, the effect was minimal, and the correlation between the two total scores was excellent.
peutic trials, and reliability of the scale across participating centers is of paramount importance. Videotapes can be used to standardize the use of the scale by all trial investigators and to monitor the reliability of the scale throughout the trial. Certification videotapes can be used to demonstrate the adequacy of the training process and to suggest future modifications in the scale necessary to improve reproducibility and accuracy. The motor ratings of the unaffected limbs may be included in the scale, but this will increase the total scores of patients with more severe deficits and may confound the interpretation of change scores.
